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ABSTRACT 

F o r  cond i t ions  where the LM f l i g h t  p a t h  angle  is  
approximately equa l  t o  t h e  s u n ' s  e l e v a t i o n ,  h igh  l a t i t u d e  
landing sites w i l l  have improved landing v i s i b i l i t y  over  
nea r -equa to r i a l  s i tes because of the greater r e l a t i v e  azimuth 
between the LM approach p a t h  and t h e  sun. P resen t  l i g h t i n g  
ground r u l e s  allow landings a t  sun e l e v a t i o n s  from 5 t o  1 4  
degrees ,  exclude the reg ion  from 1 4  t o  1 8  degrees ,  and al low 
e l e v a t i o n s  from 18 t o  20 degrees.  W i t h  s t ay t imes  of 78 
hours a t  sites more than t e n  degrees from t h e  equator ,  t ra-  
j e c t o r y  op t imiza t ion  w i l l  normally y i e l d  r e l a t i v e  sun azimuths 
such t h a t  the scene c o n t r a s t  f o r  sun e l e v a t i o n s  of 1 4  t o  1 8  
degrees  is  better than f o r  a twenty degree sun e l e v a t i o n  a t  
zero re la t ive azimuth. S imi la r  conclusions can be made f o r  
l u n a r  s t ay t imes  of 32 hours t o  si tes loca ted  more than  20 
degrees  from t h e  equator  b u t  with less confidence, as more 
d e v i a t i o n s  from the r u l e  can be expected. 

The cost  i n  p rope l l an t  for  fo rc ing  the  approach 
azimuth o f f  t h e  optimum t o  improve v i s i b i l i t y  v a r i e s  f o r  
d i f f e r e n t  sites, launch d a t e s  and s t ay t imes ;  and it i s  h igh ly  
non- l inear  depending on ble magnitude of the desired change. 
For a d i f f i c u l t  s i t e  such as Tycho, the cost  can be as h igh  
as 200 lbs/degree of azimuth change o f f  t h e  optimum. 

I n  m o s t  cases landing sites a t  no r the rn  l a t i t u d e s  
r e s u l t  i n  more favorable s u n l i g h t  condi t ions  f o r  r edes igna t ion  
as the washout region w i l l  l i e  t o  t h e  r i g h t  of t h e  f l i g h t  p a t h  
and away from t h e  p r e f e r r e d  redes igna t ion  a rea .  
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MEMORANDUM FOR FILE 

It  has  been shown i n  Reference 1 t h a t  p i l o t  v i s i -  
b i l i t y  during LM descen t  can  b e  improved i n  s i t u a t i o n s  where 
t h e  sun l i n e  i s  nea r  or above the LM approach f l i g h t  pa th  
angle  by approaching t h e  landing s i t e  wi th  a non-zero rela- 
t i v e  azimuth between t h e  sun and t h e  LM approach pa th .  Scene 
c o n t r a s t  as a func t ion  of  sun e l e v a t i o n  and r e l a t i v e  sun 
azimuth i s  shown i n  F igures  1, 2 and 3 f o r  t h r e e  LM approach 
f l i g h t  paths .  I n  these  f igu res  washoilt or zero  c o n t r a s t  occurs  
when the sun e l e v a t i o n  approaches t h e  f l i g h t  pa th  angle  w i t h  
no r e l a t i v e  sun azimuth. It  is apparent  from t h e  curves t h a t  
a non-zero r e l a t i v e  sun azimuth, A A ~ ,  r e s u l t s  i n  inc reased  
scene c o n t r a s t .  

This memorandum i n v e s t i g a t e s  optimum trajector ies  
t o  Apollo luna r  e x p l o r a t i o n  si tes t o  determine expected ranges 
of r e l a t i v e  sun azimuth and t h e  r e s u l t a n t  e f f e c t  on scene con- 
trast. P r o p e l l a n t  costs f o r  c o n t r o l l i n g  r e l a t i v e  sun azimuth 
are a l s o  d iscussed .  

SUN AZIMUTH 

I n  t h e  fol lowing d iscuss ion  sun azimuth i s  de f ined  
as the angle ,  i n  t h e  local h o r i z o n t a l  p lane ,  of t h e  t a n g e n t i a l  
component of t h e  v e c t o r  from t h e  sun t o  the landing s i t e  
measured clockwise from north.  An equ iva len t  d e f i n i t i o n  i s  
t h e  ang le  between t h e  shadow of a pole  a t  t h e  landing s i t e  
and t h e  l o c a l  meridian measured clockwise from nor th .  (See 
Figures  4 and 5 ) .  During a lunar  cyc le  the  sun azimuth a t  
touchdown i s  def ined  by t h e  s i t e  l a t i t u d e  and the  sun e leva-  
t i o n  a t  a r r i v a l ,  neg lec t ing  the smal l  e f f e c t  of t h e  1-1/2 
degree angle  between t h e  moon's equator  and the e c l i p t i c .  
F igu re  6 shows sun azimuths f o r  s i t e  l a t i t u d e s  from -50' t o  
+50° and sun e l e v a t i o n s  from 5' t o  60°. Sun azimuth i s  
g r e a t e r  than -90' f o r  northern si tes and less than -90' f o r  
southern  sites under a nivriiiiig siiii. Shsdzvzls s:.ill he ca.s+ away 
from t h e  equator  as shown i n  F igures  4 and 5. The l a r g e s t  
change i n  azimuth (from -90 degrees) f o r  t h e  sites p r e s e n t l y  
under cons ide ra t ion  and sun e l e v a t i o n  between 5' and 20' i s  
-108.5O f o r  Tycho ( l a t i t u d e  of 41' s o u t h ) .  
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"EXPECTED" APPROACH AZIMUTH 

The propellant-optimum approach azimuth t o  a l u n a r  
landing  s i te  i s  determined by t h e  t h r e e  major maneuvers; l u n a r  
o r b i t  i n s e r t i o n  ( L O I ) ,  t h e  CSM p lane  change maneuver (PCM) 
p r i o r  t o  rendezvous, and t r a n s e a r t h  i n j e c t i o n  ( T E I ) .  The 
maneuver most i n f l u e n t i a l  on  t o t a l  p r o p e l l a n t  usage i s  L O I ,  
as s p a c e c r a f t  weight a t  t h a t  t i m e  is  t h e  h i g h e s t  s i n c e  t h e  
LM i s  a t t ached .  Understanding the  r e l a t i o n s h i p  between 
approach azimuth and both t h e  LO1 requirement and PCM requ i r e -  
ment permi ts  a f i r s t  o r d e r  e s t ima te  of the approach azimuth 
expected f o r  a p a r t i c u l a r  landing si te.  

T h e  LO1 Maneuver Inf luence  

The AV a t  LO1 is determined  by t h e  f l i g h t  p a t h  angle  
change, t h e  p lane  change and t h e  energy change r equ i r ed  t o  
t r a n s f e r  from t h e  incoming hyperbol ic  t r a j e c t o r y  t o  t h e  c i r -  
c u l a r  o r b i t .  AVLoI i s  a t  a minimum when t h e  t r a n s l u n a r  energy 
i s  l o w  ( long t r a n s l u n a r  f l i g h t  t i m e )  and when deboost  t o  l u n a r  
o r b i t  i s  made inp lane  a t  pe r i se l ene .  
miza t ion  would tend  t o  s e l e c t  t h e  luna r  o r b i t  o r i e n t a t i o n  
determined by t h e  s i te  loca t ion  and approach azimuth t h a t  allows 
these cond i t ions  t o  exis t .  

I t  i s  apparent  t h a t  o p t i -  

Translunar  t r a j e c t o r i e s  may pass  through a l a r g e  area 
on the moon's sphere  of  i n f luence  ( M S I )  w i t h  a s p e c i f i c  f l i g h t  
t i m e  and d i h e d r a l  angle  without  m a t e r i a l l y  a f f e c t i n g  the  energy 
of  the hyperbol ic  approach t r a j e c t o r y  o r  t h e  s e l e o c e n t r i c  veloc- 
ity d i r e z t i c r ,  a t  the MSI. Thus t h e  hyperbol ic  excess  v e l o c i t y  
v e c t o r  ( v e l o c i t y  a t  i n f i n i t y )  i s  e s s e n t i a l l y  c o n s t a n t  for  a 
s p e c i f i c  f l i g h t  t i m e  and a d i h e d r a l  angle .  

The angle  , im, t h a t  t h e  hyperbol ic  excess  v e l o c i t y  
v e c t o r ,  Vw,  makes wi th  the luna r  o r b i t  p l ane  d e f i n e s  the  mini- 
mum p l ane  change p o s s i b l e  a t  LOI .  A good s t a r t  i n  d e f i n i n g  
' 'expected" approach azimuth would be t o  determine t h e  cond i t ion  
under which i w i l l  be  minimized. F igure  8 taken from Refer- 
ence 2 shows t h e  l o c a t i o n  of t h e  Vm on t h e  M S I  (where -V 
would p i e r c e  t h e  M S I )  f o r  var ious  t r a n s l u n a r  f l i g h t  t i m e s  and 
d i h e d r a l  angles  for  d i f f e r e n t  cond i t ions  dur ing  t h e  luna r  cyc le .  
Dihedral  ang le  i s  n o t  a Free parai ie ter  as it is dete-minac? by 
t h e  launch d a t e  and launch azimuth. Translunar  f l i g h t  t i m e  i s  
a v a i l a b l e  for  op t imiza t ion  c o n t r o l  i n  non-free r e t u r n  and hybr id  
miss ions .  Hybrid missions have an upper bound on f l i g h t  t i m e  
because of t h e  DPS a b o r t  c o n s t r a i n t .  F igu re  8 shows t h a t  t h e  Vm 
l o c a t i o n  i s  def ined  by an e s s e n t i a l l y  c o n s t a n t  l a t i t u d e  l i n e  
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about  40 degrees  long whose median varies i n  l a t i t u d e  from 
0 t o  + 8 degrees  a s  a func t ion  of d i h e d r a l  ang le  and i n  longi -  
t ude  From 50 t o  65 degrees  depending on t h e  p o s i t i o n  and 
v e l o c i t y  of t h e  moon. The l o c a t i o n  of V a long t h i s  l i n e  i s  
f i x e d  by t h e  f l i g h t  t i m e .  QD 

Neglect ing t h e  d i f f e r e n c e  between t h e  se lenographic  
equator  and t h e  earth-moon plane f o r  a moment and p l ac ing  a 
s i te  and a p o s s i b l e  luna r  o rb i t  on a mercator p l o t ,  t h e  rela- 
t i o n  of i, t o  t h e  approach azimuth can be s e e n  (F igure  9 ) .  

Examining t h i s  r e l a t i o n  i n  l i g h t  of t h e  prev ious  obse rva t ion  
t h a t  op t imiza t ion  would d r i v e  i, t o  near  z e r o ,  it i s  seen  t h a t  

there i s  a range of approach azimuths,  p a i r e d  w i t h  an appro- 
p r i a t e  t r a n s l u n a r  f l i g h t  t i m e ,  where i, w i l l  be zero.  
p o s s i b l e  range of approach azimuth dec reases  w i t h  eastward 
movement of t h e  landing s i t e .  Of a l l  these p o s s i b l e  azimuths 
where i, i s  zero ,  t h e  lowest AVLoI w i l l  co inc ide  w i t h  t h e  
l o n g e s t  f l i g h t  t i m e .  

T h i s  

Sites located less than  n i n e t y  degrees  east  of t h e  

western l i m i t  of t h e  l i n e  of G, l o c a t i o n s  (between 45OW and 
10°E) w i l l  have azimuths t h a t  r e s u l t  i n  t h e  LM approaching t h e  
equator  a t  landing.  For northern sites approach azimuths less 
than  -90°  and for  southern  s i tes  azimuths g r e a t e r  than -90° 
w i l l  be  t h e  r u l e .  Sites ou t s ide  of t h i s  reg ion  w i l l  no t  fol low 
t h e  r u l e .  Those w e s t  of 4 5 O W  can have azimuths where t h e  CM 
w i l l  be moving away from t h e  equator  fo r  sho r t  t r a n s l u n a r  
f l i g h t  t i m e s .  Approach azimuths t o  sites east  of i G " E  will 
a l so  r e s u l t  i n  t h e  LM moving away from t h e  equator  b u t  only 
f c r  long f l i g h t  t i m e s .  The LM w i l l  be moving away f r o m  t h e  
equa to r  f o r  a l l  landings e a s t  of 45OE. 

The effect  of t h e  l i b r a t i o n s  of t h e  moon w i l l  cause 
the  l i n e  of VQD MSI p i e r c e  p o i n t s  t o  move approximately +6.5O - 
i n  both se lenographic  l a t i t u d e  and long i tude  i n  r e l a t i o n  t o  a 
s p e c i f i c  s i te .  T h i s  movement w i l l  move t h e  prev ious ly  mentioned 
long i tude  l i m i t s  ( de f in ing  approach azimuth ranges)  somewhat 
b u t  does n o t  change t h e  gene ra l  conclusions.  

The Plane Chanse Maneuver In f luence  

The b e s t  approach azimuth f o r  t h e  PCM i s  obviously 
t he  one t h a t  e l i m i n a t e s  the need f o r  t h e  maneuver: r e q u i r i n g  
no p lane  change p r i o r  t o  rendezvous. Examining Figure 7 it 
can be seen tha t  for  s tay t imes  less than  1 4  days approach a z i -  
muths r e q u i r i n g  no PCM w i l l  have t h e  LM approaching t h e  equator  
on landing.  Fo r tuna te ly  this conclus ion  co inc ides  w i t h  t h e  one 



BELLCOMM, INC. - 4 -  

made concerning AVLoI f o r  t h e  wes te rn  reg ion  of t h e  moon. 
CSM ground t r a c k  propagates  across t h e  moon re la t ive t o  t h e  
landing  s i te  during t h e  s tay t ime and a s c e n t  occurs  when t h e  
CSM passes  over t h e  s i t e  with t h e  a b s o l u t e  va lue  of t h e  sub- 
v e h i c l e  p o i n t  l a t i t u d e  now inc reas ing .  H e r e  f o r  convenience 
t h e  landing  s i te  i s  shown moving r e l a t i v e  t o  t h e  ground trace 
dur ing  t h e  l u n a r  s t a y .  I f  s t ay t imes  are g r e a t e r  t han  f o u r t e e n  
days ,  t h e  p r e f e r r e d  d i r e c t i o n  of approach w i l l  reverse as i n d i -  
c a t e d  i n  Figure 7b. 

The 

Approach azimuth a t  landing  i s  p l o t t e d  a g a i n s t  f l i g h t  
azimuth a t  rendezvous as a func t ion  of s i t e  l a t i t u d e  i n  F igures  
1 0  and 11 using a 32 and 78 hour s t ay t ime  r e s p e c t i v e l y .  
dezvous f l i g h t  azimuths w e r e  c a l c u l a t e d  assuming the  CSM p lane  
change maneuver w a s  made a t  t h e  optimum l o c a t i o n  on t h e  park ing  
o r b i t ,  t h a t  i s  t h e  p o s i t i o n  minimizing t h e  magnitude of t h e  
p l a n e  change. 
p l a n e  change ( B )  r e q u i r e d ,  given t h e  s i te  l a t i t u d e  and t h e  
approach azimuth a t  landing. 

Ren- 

A l s o  noted i n  t h e  f i g u r e s  i s  t h e  CSM pre-rendezvous 

The approach azimuth f o r  no PCM a t  any l a t i t u d e  i s  
de f ined  by t h e  6 = 0 l i n e .  A s  noted be fo re ,  approach azimuths 
are less than -90' f o r  nor thern  si tes and g r e a t e r  than  -90' 
f o r  southern  sites. 

Figures  1 0  and 11 are d iv ided  i n t o  those  combinations 
of approach azimuths and si te l a t i t u d e s  t h a t  r e q u i r e  p l ane  
change maneuvers t h a t  i nc rease  and those  t h a t  decrease t h e  
l u n a r  o r b i t  i n c l i n a t i o n .  This r e l a t i o n s h i p  i s  of i n t e r e s t  i n  
planning f o r  post-rendezvous CSM photography where h iqhe r  in -  
c l i n a t i o n s  are d e s i r a b l e .  

Neglecting TEI  e f f e c t s  t h e  no PCM approach azimuths 
are a good estimate of t h e  optimum azimuth f o r  sites i n  t h e  
w e s t  as t h e  no PCM w i l l  probably l i e  i n  t h e  band of p o s s i b l e  
azimuths where i w i l l  be zero. This  w i l l  n o t  hold t r u e  f o r  
e a s t e r n  sites as a b e s t  azimuth f o r  LO1 and t h e  b e s t  for  PCM 
can d i f f e r  widely and t h e  t r u e  optimum w i l l  be somewhere between 
t h e  t w o .  The no PCM assumption i s  used t o  d e f i n e  "expected" 
r e l a t i v e  sun azimuths a s  a m a j o r i t y  of t h e  luna r  exp lo ra t ion  
si tes now under cons ide ra t ion  are w e s t  of 10' E a s t  l ong i tude  
and are a l l  w e s t  of 35' East  longi tude .  

m 

"EXPECTED" RELATIVE SUN AZIMUTHS 

Since  t h e  sun azimuth has  been de f ined  as a func t ion  
of s i te  l a t i t u d e  and sun e l e v a t i o n  (Figure 6) and approach 
azimuth i s  shown as a func t ion  of s i t e  l a t i t u d e  i n  F igures  1 0  
and 11 ( t h e  ~ = 0  l i n e ) ,  t h e  "expected" r e l a t i v e  azimuth 
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can be c a l c u l a t e d  f o r  a s p e c i f i c  l a t i t u d e ,  sun e l e v a t i o n  and 
s tay t ime.  F igure  1 2  shows "expected" AAZ fo r  a 78 hour s t a y  
t i m e  as a func t ion  of s i te  l a t i t u d e  w i t h  sun e l e v a t i o n  as a 
parameter. F igure  1 3  shows s imilar  r e s u l t s  f o r  t h e  32 hour 
s tay t ime.  

A s  can be s e e n  by t h e s e  curves  t h e  "expected" A A ~  

w i l l  be small f o r  sites near the equator .  A s  t h e  s i t e  i s  
chosen f a r t h e r  from t h e  equator  and t h e  s t ay t ime  i s  inc reased ,  
AA w i l l  increase .  Z 

COMPARISON OF "EXPECTED" bAZ TO OPTIMIZATION RESULTS 

The accuracy of t h e  p r e d i c t i o n  of AAZ i s  s o l e l y  
dependent on t h e  approach azimuth a t  landing for  t h e  optimum 
mission t o  a p a r t i c u l a r  s i t e .  The closer t h e  optimum approach 
azimuth is  t o  t h e  ' 'expected" azimuth ( t h e  one y i e l d i n g  no CSM 
p lane  change) t h e  b e t t e r  t h e  p r e d i c t i o n  accuracy. 

For si tes i n  t h e  Apollo zone t h e  approach azimuths 
r e l a t i v e  t o  t h e  sun are small .  Examining twelve months of 
optimized f r e e  r e t u r n  t r a j e c t o r i e s  t o  t h e  f i v e  Apollo sites 
it w a s  found t h a t  90  percent  of t h e  t i m e  t h e  r e l a t ive  azimuth 
w a s  less than  seven degrees;  it w a s  always less than  twelve 
degrees .  

Data fo r  t r a j e c t o r y  scans over  a l una r  c y c l e  t o  a 
z-uiier of sc i ence  sites under va r ious  t r a n s l u n a r  p r o f i l e s  w e r e  
compared t o  t h e  p red ic t ed  AAZ. 

between t h e  "expected" approach azimuth (no CSM p lane  change) 
and t h e  a c t u a l  range found f o r  optimum t r a j e c t o r i e s  (SPS 
p r o p e l l a n t  minimized) over a luna r  cyc le .  The v a r i a t i o n  i n  
optimum f l i g h t  azimuth dur ing  a luna r  c y c l e  ranges f r o m  1 0 . 4  
t o  2 2  degrees  dur ing  a luna r  c y c l e  f o r  t h e  s h o r t  s t ay t ime  data 
w i t h  t h e  average near  17'. The scans  for  t h e  longer  s t ay t imes  
show v a r i a t i o n  ranges of 2' t o  30'. 

Table I g i v e s  a comparison 

CYC 
for  

Using the approach azimuth range found f o r  a luna r  
l e  performance scan i n  combination w i t h  t h e  d a t a  i n  F igure  6 
a 5' t o  20' sun e l e v a t i o n  c o n s t r a i n t ,  it i s  p o s s i b l e  t o  

determine t h e  extremals  of t h e  A A ~  range t h a t  would a c t u a l l y  - 
occur  dur ing  a lunar  cycle .  These ranges are l is ted i n  t h e  
l a s t  column of Table I and are a l s o  superimposed on Figures  
1 2  or  13 according t o  the a p p r o p r i a t e  s tay t ime and s p e c i f i c  
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s i te  l a t i t u d e .  Data i s  shown fo r  Schroeter's Val ley,  L i t t r o w  
and Tycho for  78 hour s tay t ime and f o r  S c h r o e t e r ' s  Val ley ,  
L i t t r o w ,  Abulfeda, Tobias Mayer D o m e s ,  Hygenus and Gassendi 
f o r  32 hour s tay t ime.  

Gassendi, Sch roe te r ' s  Val ley and Tobias Mayer Domes 
have optimum f l i g h t  azimuths t h a t  y i e l d  g r e a t e r  r e l a t i v e  sun 
azimuths than p red ic t ed  through t h e  use  of t h e  Figure 13  curves.  
Tycho and S c h r o e t e r ' s  V a l l e y  optimum a l s o  r e f l e c t  g r e a t e r  
re la t ive sun azimuths than p red ic t ed  by Figure 1 2 .  The si tes 
i n  t h e  east ,  Abulfeda, L i t t row and Hyginus, show less agreement; 
b u t  much of t h e  t i m e ,  s u f f i c i e n t  re la t ive  sun azimuth e x i s t s  
t o  avoid c o n t r a s t  washout. 

L i t t r o w  shows t h e  tradeoff t h a t  i s  made between t h e  
best approach azimuth f o r  LO1 and t h e  best  f o r  PCM when o p t i -  
mizing missions t o  e a s t e r n  si tes.  The no PCM azimuth fo r  a 
32 hour s t ay t ime  i s  -93.7'. The best approach azimuth fo r  
Pacif ic  i n j e c t i o n *  w i t h  no LO1 p l ane  change ranges f r o m  approxi- 
mately -71' f o r  long f l i g h t  t i m e s  t o  -101O f o r  shor t  f l i g h t  
t i m e s  inc luding  t h e  e f f e c t s  of l u n a r  l i b r a t i o n s .  
fo r  inp lane  maneuvers decreases  f o r  increased t i m e  of f l i g h t  
and PCM AV i n c r e a s e s  e i t h e r  s i d e  of -93.7', t h e  b e s t  azimuth 
would be between -93.7O and -71O neg lec t ing  T E I  effects.  S ince  
t h e  sun azimuth a t  t h i s  l a t i t u d e  ranges from -82O t o  - 8 8 O  
for 5 O  t o  20° sun e l e v a t i o n ,  t h e  r e l a t i v e  sun azimuth can 
range from - 1 7 O  t o  + 1 1 . 7 O .  A t l a n t i c  i n j e c t i o n  tends t o  decrease 
t h e  approach azimuth and t h u s  i n c r e a s e  the r e l a t i v e  sun azimuth 
as t h e  l i n e  of grn l o c a t i o n  i s  
i n  Figure 8 (nega t ive  d i h e d r a l  a n g l e s ) .  

S ince  A V ~ ~ ~  

located f a r t h e r  south  as shown 

AA v a r i a t i o n  over a l u n a r  cyc le  for  non-free r e t u r n  Z 
t r a j e c t o r y  scans t o  L i t t r o w ,  Tycho and Schroeter's Val ley i s  
p resen ted  i n  Figure 1 4 .  The d a t a  r e p r e s e n t s  SPS p r o p e l l a n t  
minimum missions found fo r  each month, cons t r a in ing  t h e  sun 
e l e v a t i o n  a t  landing t o  l i e  between f i v e  and twelve degrees. 
L i t t r o w  shows poor agreement w i t h  t h e  expected band as it l ies  
i n  t h e  east .  Tycho and about h a l f  t h e  S c h r o e t e r ' s  Val ley data  
shows e x c e l l e n t  agreement. Schroeter's Val ley loca ted  a t  56O 
W e s t  l ies  d i r e c t l y  above the l i n e  of Voo p i e r c e  p o i n t s .  The 

* P a c i f i c  i n j e c t i o n  corresponds t o  p o s i t i v e  i n c l i n a t i o n s  
t o  t h e  moon's p lane  (d ihedra l  angle)  and A t l a n t i c  i n j e c t i o n  
t o  nega t ive  as shown i n  Figure 8.  
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pe r iod  where t h e  optimum approach azimuths are less  than  ex- 
pec ted ,  causing t h e  h igh  r e l a t i v e  sun azimuths,  co inc ides  
wi th  t h e  most southward movement of t h e  reg ion  of V p i e r c e  
p o i n t s  i n  t h e  se lenographic  system. The no PCM azimuth of 
-looo i s  l a r g e r  than t h e  approach azimuth f o r  i =O a s s o c i a t e d  
wi th  t h e  l o n g e s t  reasonable  t i m e  of t r a n s l u n a r  f l i g h t .  

00 

00 

The in f luence  of t he  PCM on t h e  optimum w i l l  d iminish  
as s t ay t ime  i s  shortened as shown by a comparison of F igure  1 0  
and 11 s i n c e  s e n s i t i v i t y  of p r o p e l l a n t  costs t o  azimuth change 
f o r  t h e  PCM maneuver decreases  markedly. 

CONTRAST IMPROVEMENT 

A reg ion  i s  mapped o u t  on t h e  cont ras t - sun  e l e v a t i o n  
curves  of F igures  1 through 3 us ing  t h e  "expected" r e l a t i v e  
sun azimuth d a t a  shown i n  Figure 1 0  f o r  a 78 hour s t ay t ime  
and si tes loca ted  1 0  t o  4 0  degrees  o f f  t h e  equator .  S u b s t a n t i a l  
c o n t r a s t  improvement i s  shown; c o n t r a s t  i n  t h e  excluded band 
from 14 t o  18 degrees  i s  b e t t e r  than  t h a t  ob ta ined  f o r  t h e  
zero  azimuth case  i n  t h e  acceptab le  18 t o  20  degree  r eg ion .  

LM REDESIGNATION 

LM r edes igna t ion  w i l l  probably be made t o  t h e  l e f t  
as v i s i b i l i t y  for  t h e  LM p i l o t  i s  b e t t e r  i n  t h a t  d i r e c t i o n .  
Thus, nor thern  sites w i l l  u sua l ly  be b e t t e r  f o r  r edes igna t ion  
as t h e  LM shadow and s i m i l a r l y  t h e  washout region w i l l  be t o  
t h e  r i g h t  and away from the  area being viewed by t h e  p i l o t  
(F igure  4 ) .  T h e  s i t u a t i o n  f o r  southern  sites i s  reversed and 
t h e  LM shadow w i l l  appear on t h e  l e f t  of t h e  approaching LM 
(F igure  5 ) .  

PROPELLANT PENALTIES FOR OFF-OPTIMUM APPROACH AZIMUTHS 

P r o p e l l a n t  p e n a l t i e s  (decrease  i n  p r o p e l l a n t  reserve 
a t  t h e  end of t h e  mission with f u l l  t anks  a t  launch) f o r  
approach pa ths  o f f  t h e  optimum are dependent on t h e  s i te  l a t i -  
t ude ,  longi tude  and s tay t ime among o t h e r  t h ings .  Under t h e  
J mission conf igu ra t ion  Tycho shows a s e n s i t i v i t y  of about  
200 l b s .  fuel /degree of azimuth change o f f  t h e  optimum. This  
s e n s i t i v i t y  i s  good f o r  ranges of + 5 O  from t h e  optimum ap- 
proach azimuth. Larger d e v i a t i o n s r e s u l t  i n  greater s e n s i t i v i t i e s .  

Tycho (78 hour s t a y )  
S c h r o e t e r ' s  Valley (78 hour s t a y )  
L i t t r o w  (30 hour s t a y )  

S e n s i t i v i t y  - Fuel  
a t  5 O  from Optimum 

200 lbs/deg. 
200  lbs/deg. 

90 lbs/deg.  



BELLCOMM. I N C .  - 8 -  

A b e t t e r  pe r spec t ive  of t h e  s e n s i t i v i t y  of p r o p e l l a n t  
costs t o  azimuth change is shown i n  F igures  15,  1 6  and 1 7  where 
t h e  scan d a t a  i s  p l o t t e d  i n  terms of f u e l  pena l ty  ve r sus  a z i -  
muth v a r i a t i o n  from t h e  optimum f o r  these three si tes.  Each 
p o i n t  on t h e s e  p l o t s  r ep resen t s  an optimum mission f o r  a p a r t i c -  
u l a r  month and approach azimuth under a c o n s t r a i n t  of landing  
when t h e  sun e l e v a t i o n  i s  between 5 O  and 12 ' .  
sumption and approach azimuth w e r e  bo th  normalized t o  t h e  
optimum mission f o r  t h e  year.  L i t t r o w  shows much less s e n s i -  
t i v i t y  t o  azimuth v a r i a t i o n s  than  e i t h e r  Tycho or Schroeter's 
Valley.  

P r o p e l l a n t  con- 

CONCLUSIONS 

1. 

2. 

3.  

4 .  

R e l a t i v e  sun azimuth can be expected t o  i n c r e a s e  as 
landing si tes move away from t h e  equator .  As a re- 
s u l t  t h e  scene c o n t r a s t  and p i l o t  v i s i b i l i t y  a r e  
improved dur ing  luna r  landings fo r  which t h e  s u n ' s  
e l e v a t i o n  i s  nea r  t h e  LM f l i g h t  pa th  angle .  

A b l a n k e t  exc lus ion  of t h e  1 4 O  t o  18O sun e l e v a t i o n  
band f r o m  t h e  acceptable  r eg ion  of l i g h t i n g  a t  land- 
ing  should n o t  be made f o r  a l l  l una r  exp lo ra t ion  
missions as many sites w i l l  have optimum approach 
pa ths  with l a r g e  r e l a t i v e  sun azimuths producing 
scene c o n t r a s t  equal  t o  or b e t t e r  than  t h e  zero a z i -  
muth c o n t r a s t  i n  t h e  1 8  and 20 degree sun e l e v a t i o n  
range. 

For short  s tay t imes  and/or for  sites c l o s e  t o  t h e  
equator  where s m a i i  r e la t ive  azim~ths occur, 1s: 
p r o p e l l a n t  p e n a l t i e s  f o r  moving t h e  approach azimuth 
off  t h e  optimum a l l o w  some f l e x i b i l i t y  t o  improve 
scene c o n t r a s t .  

General ly  washout w i l l  appear o f f  t o  t h e  r i g h t  of 
t h e  LM p i l o t  on an optimum approach t o  a nor thern  
s i t e  and off  t o  the  l e f t  f o r  a southern s i te .  

2013-RAB-srb 

Attachments: 

R. A. B a s s  
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FIGURE 5 - LANDING SITE IN THE SOUTHERN HEMISPHERE 
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FIGURE 17 - FUEL PENALTY FOR OFF-OPTIMUM AZIMUTHS ACROSS THE 
SCHROETERS VALLEY LANDING SITE 


